Magnetic fields with helical symmetry can be parameterized using multipole coefficients (&, 6,). We present a parameterization that gives the familiar multipole coefficients (an, b,) for straight magnets when the helical wavelength tends to infinity. To measure helical fields all methods used for straight magnets can be employed. We show how to convert the results of those measurements to obtain the desired helical multipole coefficients (&, in).
INTRODUCTION
The magnetic field inside straight magnets can be parameterized in terms of multipole coefficients (un, bn) . We will present such a parameterization first. Fields of helical magnets (see Fig. 1 ) can be described in a similar way, by means of multipole coefficients (cn, in) . We give a notation for the (k,, b,) for which the (a,, b,) are the limiting case when the helical wave length tends to infinity. A Cylindrical coordinate system (T, 8, s ) is used where s denotes the longitudinal direction.
We then assume that a magnetic field measurement device always parameterizes its measurements in terms of (a-n, b,) , and give formulae to obtain the coefficients (tin, b,) when a helical magnetic field is measured. Three types of measurement devices are treated: rotating ''radial'' coils, rotating "tangential" coils and rotating Hall probes (see Fig. 2 (a), (b) and (c) respectively).
MAGNETIC FIELD PARAMETERIZATION

Straight Magnetic Fields
I? a current free region in vacuum ?here the electrical field E is constant, the magnetic field B can be derived from a scalar potential $ as B = -V$. We consider a magnet of infinite length, thus neglecting fringe fields. The symmetry condition of such an element is $(r, 8, s ) = $(r, 8, s+As) with As arbitrary. Therefore, the potential $ is independent of s, $(r, 8, s ) 
Having a main field Bo sin 8 the solution of the Laplace equation A$ = 0 can be written as
The b, are called "normal" and the a, "skew" multipole coefficients. Here, the subscript "0' denotes a dipole, "1" a *Work performed under the auspices of the US Department of Energy Figure 1 : The conductor of a helical dipole (one helical wavelength long). This magnet will be used for proton spin manipulation in RHIC. 
Helical Magnetic Fields
We consider again a magnet of infinite length and neglect fringe fields. The symmetry condition for a helical magnet 
The gn are called "normal" and the ti, "skew" helical multipole coefficients (with respect to the main field Bo). The subscript "0" denotes a helical dipole, the subscript "1" a helical quadrupole etc. TO is again a reference radius. The factors in ( 5 ) are chosen in such a way as to obtain the potential (1) when the helical wave length tends to infinity. In this case k + 0, e + % and the Bessel function can be approximated by I,(z) M $5 (cf. Ref. [ 2 ] ) . Now, the magnetic field can be computed as
. (9) where I; denotes the derivative with respect to the argument of the Bessel function.
Since the Bessel function is nonlinear, a magnetic field with helical symmetry is nonlinear too, even the field of a perfect helical dipole. In addition, there is a longitudinal field component off the s-axis. Fig. 3 shows an example for the field inside a helical dipole.
MEASUREMENTS OF HELICAL FIELDS
While the multipole measurements with rotating coils are obtained from the field within the coil area (shaded in Fig. 2) , the multipole coefficients of Hall probe measurements are obtained from the field on the circumference of a circle with given radius T. For rotating coils the magnetic flux is computed for both parameterizations (U,, b,)
Figure 3: Magnetic field components along the s-axis with z=O cm and y=3 1 cm for the magnet shown in Fig. 1 . Note that end effects are not treated in this article.
and (ti,, in).
The results are stated in a form that allows a direct comparison. For Hall probe measurements the magnetic fields in both parameterizations are also stated in a form that allows a comparison. For all cases conversion formulae from (an, b,) to (ti,, b,) are given in the same form.
Rotating Coils
The magnetic flux through a coil is where N is the number of coils windings. For rotating coils one has 9 = wt and the induced voltage U = -d@/dt is proportional to the angular velocity w.
Radial Coils
The area of a flat rotating radial coil ranges from T I to 7-2 and from s1 to 5-2 (cf. Fig. 2 ). The magnetic flux (10) through the coils is
Using (3) the magnetic flux (1 1) for straight magnets becomes with As = s2 -s1 have been defined.
Tangential Coils
The magnetic flux through this type of coil is (cf. Fig. 2) The difference A0 = 82 -01 is fixed and one can assume that el = 0 -A012 and O2 = 0 + A012 hold. With (2) 
J ( 19)
The (&, 6,) are defined by (14) and the (S,, T,) needed in this definition in (15,16).
Hall Probes
For Hall probe measurements the magnetic fields, either tangential or radial, can be compared directly.
Tangential Field Components
The tangential field in a straight magnet is (cf. Eq. 
Radial Field Components
The radial field in a straight magnet is cf. Eq. (2) Also in this case the (h,, 6, ) are defined by equations (14) and the (S,, T,) by equations (15,16).
Conversion
It is now assumed that a device parameterizes the measured magnetic field in terms of multipole coefficients (un, b,) for straight magnets. If the measured magnetic field has helical symmetry, the coefficients (&, b, ) can be derived by comparing(l2) with (13), (18) 
With (14) it follows that
ACKNOWLEDGMENTS
We are thankful to the members of the RHIC spin collaboration group for discussions.
